LANDFILL CAPPING AGENDA

» NFESC (15 minutes)
- TAT Objectives, Services, Points of Contact
- Kaneohe Alternative Landfill Cap Project

» GeoSyntec Consultants (1.5 hours)
- Landfill Closure Systems
» Regulatory Drivers
» Final Cap Design
» Innovative Caps

» Army Corps of Engineers (1.5 hours)
- Construction Guidelines & QA/QC
- Landfill Case Studies (Successes & Failures)
- O&M Issues
- Cost Analyses/Comparisons




TAT OBJECTIVES & SERVICES

» Innovative Landfill Capping Projects
- MCBH Kaneohe, HI (Technology Demonstration)
- MCB Camp Pendleton, CA (Implementation)

» Technical Papers, Posters, Conferences, & Seminars

» Provide Training and Assistance
- Landfill Capping/Closure Issues
- Innovative Technologies
- Technical Library Information
- Project Contacts and Coordination




POINTS OF CONTACT

(805) 982-0469

(805) 982-1618

(805) 982-1795

(805) 982-2636

(805) 982-4304
551-ext.
http://www.nfesc.navy.mil




ALTERNATIVE LANDFILL CAPPING

Description:

The Navy has 200+ landfill sites that need a
final resolution. Capping is the least
expensive way to manage the risk, but it is
still expensive. Alternative caps offer the
same protection at lower costs compared to
EPA caps.

: Bt - Benefits:
ot aiet T ' »EPA RCRA C Cap costs $1M / Acre

NAVY LANDEILL OPERATIONS » EPA RCRA D Cap costs $0.1M / Acre
» Alternative Cap costs $0.05M / Acre

» Evapotranspiration (ET) Cap (Vegetative)
- Use of native vegetation to consume all water stored in the soil within the plant root zone

» Water Harvesting Cap
- ET cap and impermeable structures to enhance runoff where ET alone is not sufficient




ALTERNATIVE LANDFILL CAPPING

WATER BALANCE

Precipitation *
Transpiration
‘ Evaporation

.

Infiltration
Trench Cap ”0#
Wastes and Backfill

Percolation
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ALTERNATIVE LANDFILL CAPPING

EXPERII\/IENTAL PLOTS PLAN VIEW
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IVE LANDFILL CAPPING

INITIAL PLOT CONSTRUCTION




ALTERNATIVE LANDFILL CAPPING

CURRENT VIEW OF TEST PLOTS
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RELATIVE PERFORMANCE
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EVAPOTRANSPIRATION COVER DESIGN
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EVAPOTRANSPIRATION COVER DESIGN
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SUMMARY AND CONCLUSIONS

Results support the concept of infiltration control
|IC designs increased runoff
|IC designs tended to reduce percolation

From 75% up to 98% of the runoff and percolation was
generated during 2-4 months
>

» No clear advantage of using 40% runoff enhancement
over 20%
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LANDFILL CLOSURE SYSTEMS

FINAL COVER SYSTEM

CONTAINMENT SYSTEMS

SURFACE-WATER
%ﬁg‘:@; MANAGEMENT
SYSTEM

I | I
SUBSURFACE STABILIZATION/ HYDRAULIC
BARRIERS SOLIDIFICATION CONTROL

GAS
MANAGEMENT
SYSTEM

PERMEABLE
TREATMENT
WALLS

PUMP/
TREATMENT

LEACHATE

CUT-OFF WALLS MANAGEMENT

SLURRY

GEOMEMBRANE

VIBRATING
BEAM

SHEETPILE




LANDFILL COVER SYSTEM SUCCESSES




LANDFILL COVER SYSTEM FAILURES




LANDFILL CLOSURE SYSTEMS

» Functional goals

» Regulatory drivers

» Closure system components

» Design process




EUNCTIONAL GOALS




FUNCTIONAL GOALS
LANDFILL CLOSURE SYSTEMS

» Safe, environmentally-protective, long-term isolation
of waste

» Protect human health and environment

» Prevent contaminant migration across all major
pathways:

- Groundwater
- Surface water
- AlIr




THIS GOAL IS ACHIEVED THROUGH THE
USE OF ENGINEERED COMPONENTS:

FINAL COVER SYSTEM
» Capping system
» Surface-water management system

» Gas management system

CONTAINMENT SYSTEM

» Subsurface barriers
» In situ stabilization/solidification of the waste

» Hydraulic control




REGULATORY: DRIVERS




REGULATORY DRIVERS

ENVIRONMENTAL STATUTES

ENVIRONMENTAL
STATUTES
1993 Edition

Cleam Afr Aet

*  Clean Air Act Amendments of 1990

Comprehensive Environmental Respomae,
Compenentivn, and Liahility Act or Superfund

v Buperfund Amendments and Reautherlzation At

Emergency Flanning and Community Right-Tr-Enaw Act

Frsderal Ingorticide, Fungicide snd Eodenicde Aot

Federal Water Pollution Control Act

Mational Environmental Poliey Act

Decupatbenal Sifety and Heelth At

il Pallution Ack of 1990

Pallution: Fresantion Act of 1550

Hesouree Conservation and Hecovery Act

* Huazprdoos and Selid Waste Amendments of 1934

Hafe Dnnking Water Acl

Toxic Bubstances Contral Act

-:: Cf/- Government Institutes, Ine.

376 | Envirenmental Statutes

COMPREHENSIVE ENVIRONMENTAL RESPONSE,
COMPENSATION, AND YIARIITY ACT OF 1580

{CBRCLA / Superfoad)

as amendec!
42 [LS.C, § 9601 et seq.

AN ACT

Ta grovlde for liability, compensation, cleanup, aed smerpency respouse
for hazardous substances released into fhe emaronment amd the elzanup
of inactive hazardous waste disposal sites,

Be it eoacted by the Senate and House of Representatives of the United

States of America in Congress assembled, That tins Act may be ated as

gls “(r!:%ga Drlchﬁnsive Enviropmental Respowse, Compensation, and Liabiliry
ol o ",

TITLE [HAZARDOUS SUBSTANCES RELEASES, 1 YABILITY,
’ COMPENSATION

DEFINITIONS

42 USC 9607 L
See, 10L For purpose of this tite,

{1) The term "act of God' means an ubanticipated grave natural
disagter or other natural phengmenon of an excoptiopal, incitable, and
imresistible character, the cffeqts which ¢onld not bave been
preveuted or avoided by the exercise of due care of foresight.

(2) The term "Administrator” means the Administrater of the Enited
States Environmental Protection Agen%(‘;m
The term "barrel" means forty United States gallons at siiy
defrens Fahrenheit, — )
The torm "elaim® means a demand in for a sum certaim
The term "claimant” means any person who presents a claim for
compensation ynder this Act. ..
The term "damages’ means damages for injory or loss of natural
resourees as sel forth insection 107(a) or 111{b) of this Act.
The term "drieking water supply’ means any raw or finighed
watér source that is or may be used by a public’ water system (as
defined in the Safe Drinking Water Aecf) or as drinking water by one
or more individuals. | .
The term “envirgnment’ meant {A)] the navigabls waters, the
walers of the contiguous zome, and the ‘ocean waters of which the

1 p1, 55510, as amcnded by PL 97-216, July 15, 1982% PL 97-272,
September 30, ¥ PL 98-45, July 12, 1083: PL. 99:16[1, ovember 25,

. 19BS; PL 09°45J9 éSu erfupd Ameadments and Reauthorization Act of 1985),

Ocigber 17, 1986, PL 100202, Degomber 22, 1987; FL AD1-164, Novembér
9, 1989: PL 101-508, November 5, 1900; PL 101-584 {Sgger Bd Sn{&%
Bondin%) Novesber 15, 1990, PL 102389, October €, 1932, and FL

426, October 19, 1992,




REGULATORY DRIVERS

FEDERAL RULES

Comprehensive Emergency Response,
Compensation, and Liability Act (CERCLA)

» 40 CFR - 300.415 (Removal Action)
» 40 CFR - 300.435 (Remedial Action)

Resource Conservation and Recovery Act (RCRA)
» 40 CFR - 258 (MSW Landfills)
» 40 CFR - 264 (Hazardous Waste TSDF)
» 40 CFR - 265 (Interim Status Facilities)

:
;
k:

Protection of
Environment

40

PAATS 260 TO 299

Revised as of July 1, 1956




REGULATORY DRIVERS

STATE-LED PROGRAMS

SUBTART 360-2

LANDFILLS

Scction 360-21  Applicability
36022 Transltion
34023  Permit applleatibn reguirements
T . : 14  Eagineerin il
Divisian of Solid ¥Waste gg;-zs Dp?mti:nmwm
36026  Landscape plan
= 36027 Englugering yeport
L v ot gquality

A9
NYCRR Part 360 w210 ﬁ%‘:ﬁ:&"m et
360242 Laodfil siting

S () I i [1 “rﬂ ste SE0213 EandfTl construction eequlrenents

wetion quallty control plam

60214 lodusizial/coramercial waste monofills sud solid wuste i ash rosidue
Management Facilities

Landflll clasure and post-closure criteria
Revisions/Enhancements to New York State's
Solid Waste Management Facilities

Effective October 9, 1993

Mem Yok State Departmeard of Ervircamental Corsgraanion
IASIHE R, CLCRAC, SonvesTied THOMAS T JCRLING, oo

LandFRll gas megovery Eapllitles
Lund il aperation cequirements
Landfill recdamalion

Financial amsurmnce vriterin
Corrective measures report

Section 36051 Appicabllity.

This Subpart repulafes the siting,  desigo,
construction, operation, closare, and post-closure
aethitics including, if necessarny, correcthve aclion of
2l mew landfils, landfills existing on the cffoctive
date of this Part, and laneral ar vertical expansions
of landfills that disposs of solid waste other thao
those rogulated uoder Swbpart 3#0-7 and seclion
26086 of (his Fart {however subdivision 360-214(a)
and parapraph 360-214(01(1) of this Purl do net
apply to andhills canstrocted er opersted in Massaw
or Snffplk County. Landfills in Massen and Suffolk
Counties arc also subject to the requircments sct
forth in Subpart 360-3 of ths Party, Liguid siorape
farilities as part of & Jandfll application pmst be
designed, constrocled, oporated snd closed in
accordance with the provisions of Subpart 3606 of
ihis Part. The roquirement: for the comstruction
and gperation of landfil gas recovery Facilites arc
speeilied uader the provisions of section 360-2.16 of
this Part, The previsions for the desigm of a
monofill vsed for the disposel of ash from solid
wruste Sneineraters dre addressed i section 360.2.14
of this Subpirt. Swbsequeot kundfll devel

with {he design, construction, operation and dosure
requitcroeats puesnant +0 the Purl 360 rogul atinns in
effert af the time of subsequent devetopment. This
Jdemonsteation must also incude a seismic analysis
demnnslrating compliance with the provisions of
paragraph 3602 H(T) of this Subpart and en
cstimate of the oxpected quantity of teachate to be

d from lhe subseq portiot of the
TandAill proposed for developmear pusseact to (e
provisions of pacagraph 360-2FE)(G) of this
Subpart. The need for addiional leachate storage
capaeity heyond Lhat which was initialy constracted
moil be assessed as a result of this leackate
pELELATion Ssthmanon.

Begtign 3622 Transitlon.

The tramsilion reguirements [or coostructon,
operation and closwre of kndfills subject [
repulation under this Subpart are sel forth Dn
paragruph 360-1.7(a)(3) of this Part. Transition
requircrnents for LndGlls in edsteze: on the
c‘ffcd.w: dare of this Part thal accept salid waste
ash residue arc alsp set ferth in

(phased landfill esmstauction beyond the initial
permitted phase of constroctinn bun that which i
chtitled by permil) must demonsirate compliones

paragraph 360:3.5 (7)(5) of this Parc.




LANDFILLS

» Subtitle C

An area of land or an excavation where hazardous wastes are
placed for permanent disposal

» Subtitle D

A discrete area of land or an excavation that receives household
waste, commercial solid waste, nonhazardous sludge, and
industrial solid waste

» Landfills are not land application units, surface
Impoundments, injection wells, or waste piles as defined In
40 CFR - 257.2




REGULATORY DRIVERS

PRESUMPTIVE REMEDIES

» Initiative to Accelerate Cleanup Programs
)

» Preferred Technologies Based on Past Experience

4

> Types
- Volatile Organic Compounds in Soils
- Wood Treaters
- Municipal Landfills
- Contaminated Groundwater




PRESUMPTIVE REMEDIES

CLEANUP PROCESS IMPACT

» Focus the site evaluation and field investigation
4

» Streamline the identification of objectives and alternatives
4

» Eliminate need to compare technologies
>

» Expedite Record of Decision issuance and preparation of
remedial plans




CLOSURE SYSITEM
CONPONENIS




CLOSURE SYSTEM COMPONENTS

FINAL COVER SYSTEM
» Capping system
» Surface-water management system

» Gas management system

CONTAINMENT SYSTEM

» Subsurface barriers
» In situ stabilization/solidification of the waste

» Hydraulic control




CLOSURE SYSTEM COMPONENTS

LANDFILL EXISTING CONDITIONS

PRECIPITATION

AIR EMISSION [{/
SURFACE

RUNOFF

LANDFILL zLEACHATE

WASTE




CLOSURE SYSTEM COMPONENTS

LANDFILL CLOSURE COMPONENTS

GROUNDWATER FINAL CAPPING
RECOVERY SYSTEM SURFACE WATER

GAS VENT CONTROL
~—— DITCH

LANDFILL
WASTE

5 AQUIFER

VERTICAL VERTICAL
BARRIER BARRIER

NATURAL LOW-PERMEABILITY LAYER




CLOSURE SYSTEM COMPONENTS

CAPPING SYSTEM

Combination of one or more drainage layers and low-
permeability barrier layers (i.e., caps)

Cap prevents water infiltration into surface or subsurface
contaminant source area

Drainage layer above cap controls hydraulic head on cap and
minimizes downslope seepage forces in the cover soil

Grass and topsoill layer is usually the topmost layer; function is
to limit erosion and promote surface-water runoff




CAPPING SYSTEM

RCRA SUBTITLE C

SLOPE
—>>

0.6 m

VEGETATION/SOIL
TOP LAYER

0.3 m -
GRANULAR SOIL OR GEOSYNTHETIC DRAINAGE
GEOMEMBRANE

LAYER

LOW PERMEABILITY SO COMPOSITE
(k=<10°my/s) CAP

FOUNDATION LAYER / INTERMEDIATE COVER




CAPPING SYSTEMS

RCRA SUBTITLE D

EROSION LAYER

CAP




CAPPING SYSTEM T

ALTERNATIVES

SANDY SILT

SANDY SILT (K=10"°cml/s)

(K =10°cm/s)

FOUNDATION LAYER FOUNDATION LAYER

MONOLAYER CAP CAPILLARY BREAK CAP




DAVIS LIQUID SUPERFUND SITE




LOSURE SYSTEM COMPONENTS

GAS MANAGEMENT
SYSTEM i —— HDPE PIPE

TOPSOIL
GEOMEMBRANE PROTECTIVE SOIL COVER

BOOT 4 : GEOMEMBRANE

COVER FOUNDATION LAYER

BENTONITE PLUG TO HEADER
o] —

<€— CLAY BACKFILL

<€— BENTONITE PLUG

SOLID
PERFORATED

HDPE EXTRACTION PIPE

17 COARSE AGGREGATE

NN N N N N N N N N N N I |

HDPE CAP




= CLOSURE SYSTEM COMPONENTS

" GEORGIA SUPERFUND SIT!

GAS VENT PIPE
3-IN. DIA. HDPE SDR 17

GEOMEMBRANE
BOOT

' GEOTEXTILE
—_ BOOT

COVER GEOCOMPOSITE
DRAINAGE LAYER

COVER GEOMEMBRANE

BEDDING GRAVEL
COVER GEOSYNTHETIC

CLAY LINER

BOTTOM OF
FINAL COVER
SYSTEM

GAS VENT DETAIL
FINAL COVER SYSTEM DETAIL




CLOSURE SYSTEM COMPONENTS

TEXAS SUPERFUND SITE

GEOCOMPOSITE DRAINAGE LAYER

HDPE GEOMEMBRANE
GEOSYNTHETIC CLAY LINER

VEGETATION LAYER TYPICAL HIGH TIDE
% ELEVATION

v IYPICAL LOW TIDE

GENERAL FILL T ELEVATION
EXISTING

. MARSH RIP RAP OR

~_

S~._SOILs REVETMENT
S~ . WITH AGGREGATE

MARSH SEDIMENT
EXISTING MEMBRANE



CLOSURE SYSTEM COMPONENTS

NEW YORK LANDFIL
SITE

PRIMARY GEOSYNTHETIC

REINFORCEMENT '\

SECONDARY GEOSYNTHETIC ——

REINFPRCEMENT 7 N\ GAS COLLECTION

— TRENCH
_ACCESS ROAD ~ DITCH_ IE
EOTEXTILE

GO%,T_—EZ;
GEOCOMPOSITE

100 125
DISTANCE (FEET)




LANDFILL CLOSURE SYSTEMS

FINAL COVER SYSTEM

SURFACE-WATER
%ﬁgﬁ?@ MANAGEMENT
SYSTEM

GAS
MANAGEMENT
SYSTEM

CONTAINMENT SYSTEMS

I |
STABILIZATION/
SOLIDIFICATION

SUBSURFACE
BARRIERS

CUT-OFF WALLS

PERMEABLE
TREATMENT
WALLS

SLURRY

GEOMEMBRANE

SHEETPILE VIBRATING

BEAM

HYDRAULIC
CONTROL

PUMP/
TREATMENT

LEACHATE
MANAGEMENT




CLOSURE SYSTEM COMPONENTS

SUBSURFACE BARRIERS

» Cutoff walls are low-permeability structures to provide a
barrier to flow of groundwater toward or away from a
contaminant source

4

» Permeable treatment walls incorporate a flow-through
section to provide contact between contaminated
groundwater and treatment media

)




SUBSURFACE BARRIERS
UPGRADIENT DOWNGRADIENT

-

GW
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Prevents ground water from infiltrating % Prevents migration of contaminated
into a source area ground water (or gas) from a source
area




SUBSURFACE BARRIERS
FULLY PENETRATING

PARTIALLY PENETRATING

BARRIER
d

—
e

FINAL COVER SYSTEM
LANDFILL

N—

VERTICAL — -~ ~—

VERTICAL
BARRIER

FINAL COVER SYSTEM

LANDFILL

VERTICAL VERTICAL
BARRIER BARRIER

% Utilize when complete containment is needed
x/ Utilize for DNAPL containment

Utilize with gradient control systems (ground-
water extraction within the contained area)

/" Utilize with LNAPL remediation

\/ Utilize when low-permeability layer
is at great depth




SUBSURFACE BARRIERS

SOIL-BENTONITE
WALL
CONSTRUCTION

KEY ATTRIBUTES
Least expensive, reliable, versatile

Provides low (k J 106 to 107 cm/s)
permeability barrier

Potential issues related to air emissions
and contaminated soil disposal

Requires horizontal ground and
significant right-of-way

Potential negative ground stability impacts

Requires specialty contractor

" S

SOIL-BENTONITE BACKFILL ~ EXCAVATED SOILS_ N

BENTONITE-WATER
SLURRY

LOW HYDRAULIC CONDUCTIVITY STRATUM

SOIL-BENTONITE WALL CONSTRUCTION

BENTONITE-WATER

SLURRY
BACKFILL MOVEMENT

DOWNSLOPE
EMPLACED BACKFILL

SOIL-BENTONITE WALL BACKFILLING




EXISTING GRADE

/ WORKING PLATFORM

BENTONITE SLURRY

GEOMEMBRANE

SOURCE: AFTER EVENS, 1991

SUBSURFACE BARRIERS

GEOMEMBRANE
CUT-OFF WALL

BENTONITE GEL
(FILTER CAKE)

KEY ATTRIBUTES

Moderate cost

Essentially impermeable

Same limitations as soil-bentonite wall

Higher degree of containment than
soil-bentonite wall

LOW PERMEABILITY
LAYER Watertight joints require skillful

construction




— BEAM LENGTH
MARKS ARE WELDED
ON BEAM

— GROUT PIPE

——

DIRECTION OF INSTALLATION

DIRECTION OF INSTALLATION

SUBSURFACE BARRIERS

VIBRATING
BEAM WALL

KEY ATTRIBUTES
Low to moderate cost and permeability
Cannot penetrate stiff soils and bedrock

Produces thin wall with potential for
defects

Does not require soil excavation, little
right-of-way needed

Available from only a few specialty
contractors




EXAMPLES ®F
SHEET PILE J@INT SEALS

SUBSURFACE BARRIERS

SHEET PILE
WALL

SEALABLE BUAL CAVITY

KEY ATTRIBUTES

SOURCEmAFTER STARR ET AL.,

Moderate to high cost

Very low permeability with special seals

Can withstand hard driving

Does not require soil excavation, little
right-of-way needed

Can improve foundation structural
capacity

Requires specialty contractors




SUBSURFACE BARRIERS

PERMEABLE TREATMENT WALL

PERMEABLE
TREATMENT WALL

-
Menee”

< X

Y%

=4

&

GROUNDWATER FLOW /1 mefies
R R >

R

PLAN VIEW

PERMEABLE
TREATMENT WALL

CONTAMINANT CONTAMINANT),
IR .__.&""’.__;"'» TN St e e

SOURCE ™

AQUICLUDE

PROFILE




SUBSURFACE BARRIERS

NEW YORK SUPERFUND SITE

475 ft

20 in. RIPRAP

6in. TOP SOIL CHAIN LINK FENCE
GEOCOMPOSITE /
DRAINAGE LAYER

COVER SOIL

ANCHOR TRENCH BACKEFILL
WITH EXCAVATED MATERIAL

8 In.CRUSHED STONE

GEOQTEXTILE FILTER
18 in. COMMON FILL

GEOSYNTHETIC
CLAY LINER

‘ 40-mil
‘ ‘ HDPE GEOMEMBRANE
EXISTING LANDFILL o (TEXTURED)

COMPACTED
BACKFILL

COMPACTED SQIL CAP

ANCHOR TRENCH

€ CHANNEL

SOIL-BENTONITE BACKFILL

€ CUTOFF WALL

SLURRY TRENCH
EXCAVATION




SUBSURFACE BARRIERS

NEW YORK SUPERFUND SITE
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FINAL COVER SYSTEM

SUBSURFACE BARRIERS

CALIFORNIA SUPERFUND SITE

GAS COLLECTION HEADER

LEACHATE LINE
COMPRESSED AIR LINE

/ COMPACTED BACKFILL

CONDENSATE

COLLECTION
GAS~a PIPE PERFORATED

—~— STEEL PIPE

VERTICAL RISER

FOR GAS/LIQUID
REMOVAL

|
LAKEWOOD/SAN PEDRO FORMATION
(JOINTED SANDSTONE)

20-30 FT

HDPE

\'\—\; PERFORATED GEOMEMBRANE
LEACHATE A COLLECTION PIPE MEMBER

00000Q000C0O0O0

GRAVEL TRENCH

SCREENED

PICO FORMATION SEeion
(SHALE) SUMP PUMP
WITH CABLE

BENTONITE
SEAL



LANDFILL CLOSURE SYSTEMS

FINAL COVER SYSTEM

SURFACE-WATER
%ﬁg‘:@; MANAGEMENT
SYSTEM

GAS
MANAGEMENT
SYSTEM

CONTAINMENT SYSTEMS

I |
STABILIZATION/
SOLIDIFICATION

SUBSURFACE
BARRIERS

CUT-OFF WALLS

PERMEABLE
TREATMENT
WALLS

SLURRY

GEOMEMBRANE

SHEETPILE VIBRATING

BEAM

HYDRAULIC
CONTROL

PUMP/
TREATMENT

LEACHATE
MANAGEMENT




CLOSURE SYSTEM COMPONENTS

SOLIDIFICATION/STABILIZATION

» Mixing, blending, or injection of physical/chemical additives to:
- Provide stable foundation for final cover system construction
- Reduce contaminant mobility or solubility
- Improve the handling or hydraulic characteristics of a waste

» Solidification refers to the process in which materials are added

to a waste to produce a solid
4

» Stabilization refers to converting a waste to a more chemically
stable form




CLOSURE SYSTEM COMPONENTS

HYDRAULIC CONTROL

GROUND-WATER FINAL CAPPING

RECOVERY r SYSTEM
— |

LANDFILL \7

v WASTE

\ : -

VERTICAL

VERTICAL
BARRIER AQUIFER BARRIER

\ -~

NATURAL LOW-PERMEABILITY LAYER




PDESIGIN PROCESS




DESIGN PROCESS

» Pre-Design Studies

» Conceptual Design
- CERCLA feasibility study (FS)
- CERCLA engineering evaluation/cost analysis (EE/CA)
- RCRA corrective measure study (CMS)
- State Requirements

» Detailed Design
- Preliminary (30%) Design
- Pre-Final (90%) Design
- Final (100%) Design
» Certified-for-Construction (CFC) Documents
- Drawings and specifications
- Work plans and contract documents




PRE-DESIGN STUDY
POTENTIAL PRE-DESIGN INVESTIGATION ACTIVITIES

AT THE SITE...

» Hydrogeological subsurface investigation

» Groundwater sampling and chemical analysis
» Geotechnical subsurface investigation

» Soil borrow source studies

» Clay liner test pad program




PRE-DESIGN STUDY
POTENTIAL PRE-DESIGN INVESTIGATION ACTIVITIES

IN THE LAB...

» Geotechnical laboratory testing

» Soil-geosynthetic interface testing program
> Waste property evaluation

» Barrier material testing

» Waste solidification/stabilization evaluation




PRE-DESIGN STUDY

SEALED DOUBLE-RING INFILTROMETER
SDRI TEST RESULTS TESTI NG

TEST PAD LAYOUT

HYDRAULIC CONDUCTIVITY  (cmis )

I L
40 60
ELAPSED TIME ( days )

| ourerriNG |

INNERRING

GROUP 1
K]

.
SDRI |«
.

as e
GROUP 2 | OUTERRING |

~INNER RIN
te

..
GROUP 3

\. GROU
-

. e
TENSIOMETER | GROUP 2
LOCATION

SEALED DOUBLE-RING INFILTRATION TESTING (SDRI)




PRE-DESIGN STUDY

SOIL-GEOMEMBRANE INTERFACE TESTING

SAMPLE PREPARATION IN 12-IN. x 12-IN.
SHEAR BOX

TEST RESULTS

PEAK
INTERFACE STRENGTH

—
LARGE -DISPLAGEMENT

INTERFACE STRE

SHEAR TEST IN PROGRESS
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PRE-DESIGN STUDY
CYCLIC SIMPLE SHEAR TESTING OF WASTE MASS

—
1)
v

SHEAR STRESS (psf)

- 1
SHEAR STRAIN (%)

CYCLIC SIMPLE SHEAR TEST RESULTS
FOR WASTE SAMPLE

WASTE SAMPLING WITH LARGE-DIAMETER BUCKET AUGER

4 j - i
CYCLIC SIMPLE SHEAR DEVICE TO EVALUATE
WASTE DYNAMIC PROPERTIES (18-IN. DIAMETER)




DESIGN PROCESS

DETAILED) DESIGN FO
EINATCOVERISYSTIENMS
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DESIGN PROCESS

DETAILED DESIGN

LAYOUT AND GRADING

STORMWATER MANAGEMENT SYSTEM DESIGN
GAS MANAGEMENT SYSTEM DESIGN

SELECT CAP COMPONENTS

SETTLEMENT EVALUATION

CAP SYSTEM INFILTRATION ANALYSIS
FOUNDATION STABILITY EVALUATION
DRAINAGE LAYER DESIGN

CAP SLOPE STABILITY EVALUATION

EROSION CONTROL



DETAILED DESIGN

© LAYOUT AND GRADING

Establish lateral limits of landfill

Develop grading plan to minimize cut/fill requirements for
waste and soil

Establish benches to manage stormwater runoff and provide
access

Provide cover system access road as appropriate

Develop final grading consistent with existing slopes,
stormwater management, and slope stability




DETAILED DESIGN

O STORMWATER MANAGEMENT
SYSTEM DESIGN

> Select design storm events (typical 25-yr. 24-hr.)

» Perform runoff and runon routing analysis

4 Design letdown structures to handle runoff

> Size perimeter channels, ditches, culverts, and outlet
structures

» Size stormwater detention basin (if needed)




DETAILED DESIGN

® GAS MANAGEMENT SYSTEM DESIGN

» Prevent gas migration by convection and diffusion

» passive systems intercept gas and channel to

collection point or vent
> Active systems create pressure gradient

> Rule of thumb: one vent per acre of cap




DETAILED DESIGN

O SELECT CAP COMPONENTS

g ldentify CERCLA ARARSs, RCRA requirements, or other
(e.g., state program) design requirements

> Evaluate required performance levels (e.g., percent
reduction in infiltration)

> Evaluate requirements for slope stability

» Evaluate requirements for freeze-thaw protection of
components

> Assess material avallability

> Choose components




DETAILED DESIGN

POTENTIAL MATERIALS %

> Compacted clay
» Geomembrane
4 Geosynthetic clay liner (GCL)

> : > Geomembrane/compacted clay
Top soil composite
4 Geosynthetic erosion control layer » Geomembrane/GCL composite

> Cobbles > GCL/compacted clay composite
> Paving material » Others

} .
Others Gas Collection layer
Protection layer » Sand

: Soil » Gravel
Cobbles > Geotextile

» Others » Geonet
Drainage layer » Others

Surface layer

» Sand Foundation layer
> Gravel > Soil

) Geonet ) Select waste
) Others » Others




DETAILED DESIGN

©® SETTLEMENT EVALUATION

sSources are:

4 Settlement of foundation soils
» Settlement due to overall waste mass compressibility
4 Settlement due to localized mechanisms e

LOCALIZED WASTE SETTLEMENT

SETTLEMENT

Overall waste mass compression evaluated as:

> Primary (load dependent)

» Secondary (time dependent) WASTE MATERIAL
4

FOUNDATION SOIL
SETTLEMENT

COMPRESSIBLE SOIL LAYER




DETAILED DESIGN

® CAP SYSTEM INFILTRATION ANALYSIS

» Calculate water balance of the final cover system
and waste source using USEPA HELP model

> Estimate geomembrane leakage




DETAILED DESIGN

LANDFILL WATER BALANCE

PRECIPITATION
RUNOFF EVAPOTRANSPIRATION

(VY ¢

‘ INFILTRATION

Q/;\O W Q/ VEGZTION \01

PERCOLATION LAYER TOPSOIL

SAND  LATERAL DRAINAGE

FROM COVER FINAL CAP
\

SLOPE

{,

VERTICAL PERCOLATION
PERCOLATION LAYER

BARRIER SOIL LAYER
CLAY




DETAILED DESIGN

GEOMEMBRANE
LEAKAGE

LOW
PERMEABILITY
SOIL

Q =0.21 a%1 h®2 K274 (for good contact)

Q= 1.15 a%1 h99 k074 (for poor contact) |
LEAKAGE RATE =Q

where: Q = infiltration rate through cap (m?3/s)
a= geomembrane hole area (m?)
h = hydraulic head on cap (m)
k = hydraulic conductivity of cap soil (m/s)
From Giroud and Bonaparte, 198




DETAILED DESIGN

@ FOUNDATION STABILITY EVALUATION

» Perform subsurface Investigation as necessary to
establish foundation shear strength

» calculate foundation stability factor of safety using
classical methods of geotechnical engineering

» Address special problems of building on sludge, Iin

marsh, etc., as necessary
» Check seismic foundation stability if required

POTENTIAL 2 POTENTIAL
SLIP SURFACE ARAL &L SLIP SURFACE —\|

N
=

Y-AXIS (feet)
=

GRAY TILL GRAY TILL

AQUIFER AQUIFER

‘ \
280 280

X-AXIS (feet) X-AXIS (feet)




DETAILED DESIGN

® DRAINAGE LAYER DESIGN

INFILTRATION RATE ( q;)

JL+4T -1 (tanb) R
2 (cosh)

1L gl 012exp [Iog(8| /5)5’8] o

FINAL COVER SYSTEM
DRAINAGE LAYER (FCSDL)

(L-x)tan B

Tmax = Maximum liquid thickness (m)

Tae = average liquid thickness (m)
L  =dopelength (m)

k = hydraulic conductivity of LCS (m/s) FROM GIROUD AND HOULIHAN, 1995
b =dopeangle (degrees)

g  =infiltration rate (m/s)




DETAILED DESIGN

© CAP SLOPE STABILITY EVALUATION

» perform direct shear testing to evaluate soil-geosynthetic
Interface strengths

» calculate slope stability factors of safety considering:

» critical interface

> pore water pressure

> toe buttressing

> geosynthetic reinforcement
> soil strength parameters

» Check seismic slope stability as required
)




DETAILED DESIGN

SLOPE STABILITY

WEDGE 1

Above geomembrane:
a L9t sinf C cosf T

=9 ! dA + +

FS,
g, tanb g_ tsmb d., h 2sinbcosb cos(b + ) gsahsinbcos(b+f) g_th

Below geomembrane;

T sinf C cosf LT

gsﬁtsnb g_, h 2sinbcosbcos(b + ) gsﬁhsinbcos(b”) g, th

FROM GIROUD AND HOULIHAN, 1995




DETAILED DESIGN

@ EROSION CONTROL

» Select location of construction-phase silt fences and straw bales

4 Specify erosion-control matting for erodible exposed slopes

> Select topsoil, seed, and fertilizer mixes for final revegetation

4 Specify riprap or other protection for culvert and ditch entrances and

exits as necessary
» Universal soil loss equation: A =R XKXLSxVM
A = rate of soll loss
R = rainfall energy factor
K = length and slope factor
LS = soil erodibility factor
VM = vegetative measures factor




DESIGN PROCESS

GUIDANCE PUBLICATIONS

Covers for
Uncontrolled
Hazardous Waste
Sites

Seminar Publication

Requirements for B
Hazardous Waste Landfill — T
Design, Construction, and seminar Publication
Closure Design and
Construction of
RCRAJCERCLA,
Final Covers




FOR MORE INFORMATION

Office ot and ial R
Hazardous Sile Controf Divisicn 5203G

DQirective No. 9335.0-48F5 |

United Statas. Offica of
Environmental Protection Solid Waste and
Agency | Emergency Responss

EPA 540-F-93-035
PB 93-863333
September 1993

Presumptive Remedy for
CERCLA Municipal Landfifl
Sites

Guick Refererice Fact Shest

Since Superfund's inception in 1980, the remedial and removal prograrms have found that certain categories of sites have
similar characteristics, such as types of contaminants peesent, types of dispesal practices, or how environmental media
are affected. Based on information acquired fmm cvaluaung and cleaming up these sites, the Superfund program is
updertaking an indtiative to develop to ' future cleanups at these types of sites. The
presumptive remedy approach is one tocl ofaCCeierauun within the Superfund Accelerated Cleanup Model (SACM).

Presumptive remedies are prefen'cd lechnnlngles for common caregories of siles, based on historical pattemns-of remedy
I and EPA's and 1 of perfcrmancc data on Iechnology lmpiememauon The
cbjecuve of the presumptive remedies initiative is to use the pmgram 'S past & site 2
d d up selection of cf pactions. Overtimep remedi .t inremedy
selectzon and reduce the cost and time required to clean up smularlypes of sites. P pLi dies aze expected to
be used at ail appropriatz shes except nader unusual site-specific circumstances.

This directi i i asthe p ptive remedy for CERCLA municapal landfills. The framework for
the presumptive remedy for these sites is presented in a streamlining manual entitled Conducring Remedial investiga-
nons/Feusibmw Shudies for CERCLA Municipal Landfill Sites, Febtuary 199] (OSWER Direcuve 9355. 3-11). This

ighlights and b the i of certain iples related to the scoping (planning)
siages of the remedial investgation/feasibility study (RIFS) that were identified in the manual. The directive also
provides clarification of and additionat guidance in the following areas: (1) the ievel of detail appropriate for risk

assessment of source areas at municipal land$ills and (2) the characterization of hot spots.

BACKGROUND

b i

Since the manual's development. the expectation to
contain wastes at municipal landfills has evolved into a

landfEl sites' on the Nattanal Prioritics List (NPL) to
eva]ualc !he effecnveness of the manual Conducring

easibility Shedi ERCLA
Mnnrclpal' Landfill Sites (hereafter referred to as “the
manual™ ining tocl and as the % for

i remedyformesesz:es [mplementation of

i ined in the manual at the
four pilot sites helped 10 highlight issues requiring
further clarification, such as the degree w which risk
assessments can be streamlined for source areas and the

the municipal landfill presumpnve remedy Consistent
with the Natienal Oif and H: Pollution
Cummgency Plan{or NCP) EPA‘sexpeclauon was that

|I'V|'| 1103
for municipal Tandfill waste because the volume and
heterogeneity of the waste generally make treaiment
impracticable. The results of the pilots support this
expectation and demonstrale that the manual i an
effective tool for soeamlining the RUFS ptocess for
municipal landfills.

municipal ard 10 & lesser exEnt hazardous wastes.

charac and of hot spots. The
pilots alsa demonstrated the value af focusmg
streambining efforts at the scoping stage, recognizing
that the biggest savings in time and money can be
realized if streamiining is incorporated at the beginning
of the RIFS process. Accordingly, this directive
add.r:ss:s those issues ldenuﬁed during the pilots and
i L P 10 be i
during the scoping cumponem of the RIFS.

See EPA Publication 9203.1-021, SACM Bulletins, Presumprive
Remedies for Municipal Landfil Sites, April 1992, Yol. 1. No. 1. ad
February 1993, Vol. 2, No.), and SACM Bulictin Presumprive
Remedies. August 1992, Voi.1. No. 3.

. s
Figaliy, while the primary foces of the municgsl landiflf
manua 15 90 steamiiniag 0w RS, Superfund's goal -
under 5 ACH ks 0 acerlerais the entire clean-up process.
Other guidance lesed nmdf.z e mammgai Tarlfif

for these ging (see Publicaton

9 355.3-18¥S, Presumpiive Remedies: CERCLA

fiil {,‘gg%Dam Culleciion Gugele, 1o be published in
ber 1 3

PNTAINMENT AS A PRESUMPTIVE
MEDY

jon M4 AE) of te NOP con@ing the
ectation that caghnessing contends sur:h as
sztsrnent, witlbe nued for waste that poseda ty

Highlight 11 Components of
the Presumplive Hatnedy:
Source Contginment

Landnll cap;

Seurce ared ground-water contol
1o contain plume;

1 [y ¢ |

Lardfill gss coubection and
irealment; anga: '

wstiutignaloontrols to supplement

engneenng comig.
j

mg-enn tirest oy whers meatmentizimprciogkie,
preambis ot MOP idenifies monizigal ity
5 of sitz wheee reatinei of the wasie may b
cicable becouse of the stze and heterogeneity of
\:omems(ss FR &7(}1). ‘WasteinCERCL A kand Sty
nlan alnetgancons
nu'e of mmcmal waste frequently co-disposed
i industrinl sodlor harardims wasie,  Because
atrent bsually is impraciicable, EFA peneraliy
isidess conutinment w be the apprapriae msponse
ot the “presumptive remedy.” for te sourne

a5 of meanicipal fandfit shes.

e presumptive remedy for CERCLA munjcipal
dfill sies rolaws primady 10 containment of the
ek mmpss snud onllection and/or meatment of jandfilt
. In addition, meagures o coatrol land Y leachate,
ected ground water 3 the perimeter of the iandfiil,
bd arupgradiens pround-wagr danz CAUSInE sauraion
the fand U rass may be implemtnted as pasvaf te
nptive feinedy,

resaplive remady does not sddress ax
hways futside the source area chandfiD, nordoes it
blide mgigg%—m‘r gmmd-wm: respanse sction.

e

Thae EPA {or Sae) site tnanaper will mgke e initiak
decision of whether 4 particular muaicipal landfil s
it suiteble for the prespmphive remedy or whether a
e conrohensive BRUES isrequired. Geoerally, this
detertrination witl depend on wheiber e g Suiable
for a streamimed risk evaiuaucm. a1 desepbed o page
4. The iale, and

parues (PRIE) shumi be nesfied that a presumpive
remedy is being considered for the s before work gt
the RIFS work plan is initiated. The noofication may
tzke tho furm of afactshest, anoiics inzjocatnewspaper,
andfor a public meetng.

Useaf i 'gxeswnpuw zeme&l)’ -:lsmms the peed for
ihe tnitial i of al
g the feagibitity siudy (FS). Section 004NN
of the NCF auates thar, . .. the lead agency shall mttude
An gl many ing step, Whon neaded

added) t sedect avessonabie tamber of siiernanives for
detadied analyss,”

EPA conducizd an analysis of porenlafly availsblz
echnologies for mamicipat landfiis and foond that
ceriain wchoologies e rovtinely and appropriatly

il need 1o be performed, 25 sppioprate, 1o addeess
058 expesire Fathways cotside the sparce area. ke
pﬂ:md l?m RL’FS achivities addresst

auy on ihe basisof effectivensss, feasibility ex
st {NCP Segiion 04T, (Ses Appendiz Als
this direcave am% “Feawibiity Staly Ansdysis for

by willmconducted

CERCLA M i Landfiils,” September 1993

cmmilymzh the:staenined RIFS for the landfitt
presemptive remedy, A mspanse action for
pofure patiwars um.mc: thie soures (4 any) may He
v (thezeby
sloping & Compreiensive she rETONSE), OF 45 60
ubke DRE separaw feont die wesumptive remedy,

ifable at EFA T wers pnd Regionat Otficey)
Based on this analysis, the universe of ailematives that
will bo anxivesd In demd may be limbed to ths
camponeats of the containment remedy identified in
Highlight 1, uniess she-specidic eonditions diclwe
otherwise or alemalves we considened thal werg nal
adidressed inthe FS anatisis, ?h»zFSsﬂaiyssdnutmem,
l.ogc!}w,r with thiz directive, must be mcludad in the

Highlight 1 idemsifies thecompx iy

emedy. Response attions selecied for satividual s sazs
i include anty thosp com poszes dat are necessary,
ased on sac-specific condiioas,

record for euch municipal landfil
presurnpiive remedy sii (o suppon elimnation of s
initia} iznuification and screening of site-spacific
sliernabives.  Further detasiled and comprehansive
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UANDEILL CLOSUREY

ENVIROAMENTAL
PRATEGTON an
UAND REGOVERY

Edlited by R. Juffrey Dumn and Wdai P. Zingh

Geotechnical
Spocial Publlication
Mo, 53

DESIGN OF MSW LANDEILL FINAL COVER SYSTEMS

Maphi A Cthman', Rudobpk Bonsparte’, Bath A Gooss?,
aigh Gary R, Schoetroae', Meambers, ASCR

iz paper sumwmarizes the current stees of mactice Tegneding the design of
entional® final cover sysiems for municipal soiid wase (MSW) landfiils in the
K States, The papec provides brief descriptions of design methods wnd fractices
p ame comenpdy wsed by the geneial engineering compuniy.,  Wiete
able, the advimiages and disadvanteges of using mor sophinieated medods
by discussed. The major design zspents comsidered relate 107 {5 How of water
j ducugh the fnal cover syswem, Al impacts of wase weuletosyt on the
e ot fiiat covey system Components; (i) static and dynamic cover system
iy; and {iv) surface-water managemt

Quepview:  The poroose of this paper is to review nwihods and actives
raoaly wned by the genem) engineering community i (he deshen of finad cover
ms {or MSW landfiBis, Fensl cover sysems fomn one compenent of the
prated geouy: of cngineeted yatens thed st jandfills to schieve envivmmenielly
tand disposyl of MBW, Oder compereris intlode Tiner systems, datly wud
rmadiats cover sysieme, deachat: coileciion and removal sysiems, gas codlsction
remova! sysizm. 3nd serfacs-wamr mensgemens systems.  The genaral layout

hese systems fencluding the iermediate eover systeny a1 2 landfill s shown in
e 1.

’(‘m@i:mec Conenltanits, 100 Lok Hearn Prive, NE, Atlawsa, GA 30342,
HieoSyater Consaliant, UNM Rest 43rd Street, Avstin, 1% 78751,

218

LAMBFILL FiMAL COVER SYSTEMS

GrEcutoiOn
AR PEI T

Figure 1. Gengrzl layout of engineered systems need for lowid ond gas
copRinmentfeotiection at MSW landfills,

The principal funcrions of a landfill final cover system are:
*  minimize water and air infilration into the tandiid;
minimize gas mipgRien ou of te lasdfll

serve oy & svstem o7 controt of adors, disense vectors, and other
tiraocas; and

*  saree ps A component of te landf surface-water manAgement system.

T focus of this pape i on "conventional® fina} cover systEms consisting of

a series of soif and geosynihetio bavers, Typicatly, thewe sysems Contain hydrantic

barrier layers overlain by didusge atd sorfsee tayers,  Alemative final cover

sysems, ncleding, for instance, monolithic covers, covers meomporating camitiazy
batriers, and covers ncorparating cobble sarfeve favers, are applicable 1o Yomited
specific design applications, particelady ceviain spplications T azdd chviromnests, -
1o ihese environments, i is diEfoul o traintain the reguited nooisture conter of soif
barrier iayers during eonstrucdon, the sod bavrier fayers am musceptible W
Hesiceation omcking, the murface vegeton i3 stressed by Tack of avalisble water,
and the surface Jeyer I8 sosceptible to emsion. The suthary ame swace of ficld
sidies 0 ewlusie (e performance of sitermative cover systems.  Skadies any
anerently orderway at a purnber of locations, incleding sites near EY Paso. Texas,
Albuguergue, New Mexico, and Richland, Washingion. Due @ page-tmit

comsicainis, fhose altermative cover systzms are nol addressed in s paper.




CONSITRUCTION GUIDELINES
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CONSTRUCTION QUALITY CONTROL/ASSURANCE

PROCEDURES ARE WELL ESTABLISHED

Technical Guidance
Document

Construction Quality

: i bt Technical Guidance
Action and Remedial Desig Document

Was

Fnbod Sintan DS JISW-EH S
E rrlima ksl Progaciion Ky 381

ST s Q ntrol for Waste
Technical Guidance Containment Facilities
Document;

Inspection Technigues for the

Fabrication of
Geomembrane Fiald Soams







CONSTRUCTION GUIDELINES & QA/QC

» Compacted Clay Liner (CCL)

» Geosynthetics
- Geosynthetic Clay Liner (GCL)
- Geomembrane (GM)
- Geonet (GN)
- Geotextile (GT)

» Sand Drainage Layer
» Penetrations

» Test Fills




COMPACTED CLAY LINER QA/QC

» Borrow Source Assessment

» Classification Testing

» Moisture & Density Testing

» Hydraulic Conductivity Testing

» Placement




COMPACTED CLAY LINER QA/QC

BORROW SOURCE ASSESSMENT

L=

ROCKY MOUNTAIN ARSENAL BASIN F




COMPACTED CLAY LINER QA/QC

NEW LYME LANDFILL




COMPACTED CLAY LINER QA/QC

MOISTURE/DENSITY CURVE AND
HYDRAULIC CONDUCTIVI ESTING
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COMPACTED CLAY LINER QA/QC

PLACEMENT

» Classification Testing

» Lift Thickness

» Compaction Equipment

» Scarification
> Repair of Voids
» Prevention of Desiccation or Freezing

» Excess Surface Water



COMPACTED CLAY LINER QA/QC
PLACEMENT -

CLASSIFICATION TESTING

» Mechanical Analysis (ASTM D 422)

> Atterberg Limits (ASTM D 4318)

» Classification (ASTM D 2487)



COMPACTED CLAY LINER QA/QC

PLACEMENT - MOISTURE, DENSITY,
& HYDRAULIC CONDUCTIVITY TESTING

» Moisture Content
- Oven (ASTM D 2216)
- Microwave (ASTM D 4643)
- Nuclear (ASTM D 3017)

> Density
- Sand-Cone (ASTM D 1556)
- Rubber Balloon (ASTM D 2167)
- Nuclear (ASTM D 2922)

» Hydraulic Conductivity (ASTM D 5084)




COMPACTED CLAY LINER QA/QC
PLACEMENT -

IN-PLACE NUCLEAR MOISTURE/DENSITY TESTING

TESTING FORMS BECOME A PART OF THE FINAL PROJECT RECORD




COMPACTED CLAY LINER QA/QC
PLACEMENT -

HYDRAULIC CONDUCTIVITY TESTIN

il g - L - 0
- J E ] - o e sl N

Vaa- v call s L ;
PUSHING THIN-WALLED TUBES :
FOR UNDISTURBED SAMPLES I

ak | B8 |8

LABORATORY ' .®
PERMEAMETERS & Y%

HELEN KRAMER LANDFILL




COMPACTED CLAY LINER QA/QC

PLACEMENT - SCARIFICATION

IMPROPER |
BONDING

SCARIFYING FOR
GOOD INTERLIFT BOND




COMPACTED CLAY LINER QA/QC
PLACEMENT -

PREVENTION OF DESICCATION OR FREEZING

MAINTAIN CLAY MOISTURE

HAMILTON AFB LANDFILL 26




COMPACTED CLAY LINER QA/QC
PLACEMENT -

PREVENTION OF DESICCATION OR FREEZING

PROGRESSION OF CAP - NEW LYME LANDFILL




GEOSYNTHETIC CLAY LINER QA/QC

» Qualifications

» Drawings and Other Submittals
» Delivery, Storage, and Handling
» Properties

» Deployment

> Testing




GEOSYNTHETIC CLAY LINER QA/QC

DELIVERY STORAGE AND HANDLING




GEOSYNTHETIC CLAY LINER QA/QC

PROPERTIES

» Bentonite Type

- X-Ray Diffraction (75% montmorillonite)
- Free Swell (35 mL minimum)

» Bentonite Mass (ASTM D 5261)

» Tensile Strength (ASTM D 4632)

» Shear Strength (ASTM D 5321)
» Permeability (ASTM D 5887)



GEOSYNTHETIC CLAY LINER QA/QC

DEPLOYMENT

MARCH AFB




GEOMEMBRANE QA/QC

» Qualifications

» Drawings and Other Submittals
» Delivery, Storage, and Handling
» Properties

» Deployment

» Testing




GEOMEMBRANE QA/QC

DRAWINGS AND OTHER SUBMITTALS

» Manufacturer
- QC Manuals/Test Results
- Samples
- Penetration Detalils

» Contractor
- Panel Layout
- Certified Test Results
- As-built Drawings




GEOMEMBRANE QA/QC

PROPERTIES

» Material Type
» Texturing

» Thickness (ASTM D 1593)

» Tensile Strength (ASTM D 638)

» Puncture (ASTM D 4833)
» Multi-Axial Tensile (ASTM D 5617)



GEOMEMBRANE QA/QC

PROPERTIES - POLYETHYLENE

» Carbon Black (ASTM D 1603)

» Environmental Stress Crack (ASTM D 5397)




GEOMEMBRANE QA/QC

DEPLOYMENT

» Subgrade Preparation

» Parallel to Direction of Maximum Slope

» Seam Tests

- Leaks
- Shear Strength (ASTM D 4437)
- Peel Strength (ASTM D 4437)

» Cover



GEOMEMBRANE QA/QC

FUSION
(DOUBLE WEDGE)

WA WA AT

Cross Section of Dual
O ot Wedge mﬁpllﬂ




GEOMEMBRANE QA/QC

FUSION (DOUBLE WEDGE) SEAM TESTING




GEOMEMBRANE QA/QC

EXTRUSION SEAMS - GEOMEMBRANE REPAIRS




GEOMEMBRANE QA/QC

EXTRUSION SEAM TESTING

:'Jilr




GEONET QA/QC

» Qualifications

» Drawings and Other Submittals
» Delivery, Storage, and Handling
» Properties

» Deployment

» Testing




GEONET QA/QC

PROPERTIES

> Polymer

- Density (ASTM D 1505)
- Melt Index (ASTM D 1238)

» Carbon Black (ASTM D 4218)

» Tensile Strength (ASTM D 4595)

» Transmissivity (ASTM D 4716)
» Bond Properties (ASTM D 413)



GEONET QA/QC

DEPLOYMENT

» Down slope

> Seam
- Ties of Contrasting Color
- Non-metallic

» Cover Soil
- Lift Thickness
- Equipment Restrictions




GEONET QA/QC

DEPLOYMENT

HAVERTOWN SUPERFUND SITE




GEOTEXTILE QA/QC

» Qualifications

» Drawings and Other Submittals

» Delivery, Storage, and Handling (ASTM D 4873)
» Properties

» Deployment

> Testing




GEOTEXTILE QA/QC

PROPERTIES

> Apparent Opening Size (ASTM D 4751)
» Permittivity (ASTM D 4491)
» UV Degradation (ASTM D 4355)

» Puncture (ASTM D 4833)

» Grab Tensile (ASTM D 4632)
» Trapezoidal Tear (ASTM D 4533)
» Burst Strength (ASTM D 3786)



GEOTEXTILE QA/QC

DEPLOYMENT

» Down slope

» Seam
- Overlap
- Type and Strength

» Cover Soil
- Lift Thickness
- Equipment Restrictions




SAND DRAINAGE LAYER

» Testing

» Construction




SAND DRAINAGE LAYER

TESTING

» Potential Borrow Source Investigation
- Grain Size (ASTM D 422)
- Hydraulic Conductivity (ASTM D 2434)
- Carbonate Content (ASTM D 4373)

> After Placement
- Grain Size (ASTM D 422)
- Hydraulic Conductivity (ASTM D 2434)
- Carbonate Content (ASTM D 4373)




SAND DRAINAGE LAYER

CONSTRUCTION

» Removal
- Oversized Material
- Angular Material
- Fines

» Place Upslope

» Minimal Compaction Requirements




PENETRATIONS QA/QC

» Pipe boots factory fabricated

» Skirt should be greater than 12 inches in length
» Seaming and testing

» Stainless steel clamps and neoprene cushion

» Dry bentonite for GCLs




» Objectives

» Construction

» Testing




TEST FILLS

OBJECTIVES

» Construct full landfill cap cross section in accordance with
drawings & specifications

» Model construction sequencing
» Determine material placement criteria

» Verify contractor's proposed construction equipment,
materials, and procedures

> Material survivability




TEST FILLS

CONSTRUCTION

» Work plan submittal

» Construct in accordance with work plan
» Survey to monitor movement

» Carefully dismantle to note damage

» Video tape construction and dismantling

» Testing

» Post Construction report



TEST FILLS

TESTING

» Compacted Clay Liner
- Moisture Content
- Density
- Hydraulic Conductivity

> Geosynthetics
- Seam strength
- Seam leaks




TEST FILLS
PLACE AND TEST COMPACTED CLAY LINER - SDRI

HELEN KRAMER
LANDFILL




TEST FILLS

SURVEY TO MONITOR MOVEMENT

MOYER LANDFILL




TEST FILLS

MOYER LANDFILL




TEST FILLS

CAREFULLY DISMANTLE TO NOTE DAMAGE




TEST FILLS

EXPOSED GEOSYNTHETICS AND SEAM TESTING




CANDEICIE CASE SHIUDIES




LANDFILL CASE STUDIES

» Allen Harbor, RI
» MacAllister Point, RI

» Camp Pendleton, CA

» White Oak, MD

» Pax River, MD

» Bainbridge, MD

» March AFB, CA

» Hamilton AFB, CA




LANDFILL CASE STUDIES

ALLEN HARBOR, RI

Lo . -

ALLEN HARBOR LANDFIL




LANDFILL CASE STUDIES

SHORELINE CAP TERMINATION OPTIONS




LANDFILL CASE STUDIES

ALLEN HARBOR, RI

- - Harbor Area
Site 09 Landfill 1V on 4H RCRA Landfill Sideslope

\/ Assumed High Tidal Wave Influence
(14 ft.) Pore Water Pressure Acting on Slope

Moist Sand l\]\I [—TTM / /
Saturated Sand \

Piezometric Level Assumed
Within the Slope Engineered 1V on 3H Riprap Lined Slope

Slices Generated
Clayey Silt by UTEXAS3

Saturated Sand

Bedrock

UTEXAS3 SLOPE STABILITY ANALYSIS
ALLEN HARBOR
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STEEP SLOPES

CA -

BOX CANYON LANDFILL

)
L
O
)
_I
)
LUl
7))
<
O
-
—
T
Q
Z
<
o

CAMP PENDLETON




LANDFILL CASE STUDIES

CAMP PENDLETON, CA -
BALANCE CUT/FILL USING WASTE MATERIAL

. .
P . - S L
o B 1 M P T

BOX CANYON LANDFILL




LANDFILL CASE STUDIES
, MD
STEEP SLOPES

WHITE OAK




LANDFILL CASE STUDIES

WHITE OAK, MD -




LANDFILL CASE STUDIES

PAX RIVER, MD
SIEVING
OVERSIZED MATERIA

DEVELOP ON-SITE BORROW AREAS

- - b i -_ :
PAX RIVER LANDFILL

PAX RIVER LANDFILL




LANDFILL CASE STUDIES

BAINBRIDGE, MD -
CHANNEL FAILURE




LANDFILL CASE STUDIES

BAINBRIDGE, MD -
EXIT CHANNEL
FAILURE

BAINBRIDGE RUBBLE
LANDFILL
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BAINBRIDGE OLD LANDFILL




LANDFILL CASE STUDIES

MARCH AFB, CA -




LANDFILL CASE STUDIES

MARCH AFB, CA -
CAMU

GROUNDWATER
SEPARATION/CONTROL




LANDFILL CASE STUDIES

HAMILTON AFB, CA -
CLIMATE




LANDFILL CASE STUDIES

IAMILTON AFB, CA -
DESIGN OF INTERNAL DRAINAGE

SETTLEMENT CONTOUR MAP

TOTAL SETTLEMENT CROSS SECTION

SHE 1400 Pedd P00 440D Eed3 B0 TabD B400 B
1 ] 1 ]

HAMILTON AFB LANDFILL 26

T T EE LS




LANDFILL CASE STUDIES

HAMILTON AFB, CA -
SURFACE DRAINAGE / EROSION CONTROL

SILT FENCE - HAMILTON AFB LANDFILL 26




O&MHSSUES




O&M ISSUES

» Inspections

> Repairs
- Final Cover System
- Surface Water Management System
- Revegetation

> System Management

- Leachate
- Landfill Gas




O&M ISSUES

» Environmental Monitoring Systems
- Groundwater
- Landfill Gas
- Leachate
- Storm Water

» Mowing

> Security




COSIF ANALYSIS//CONMPARISONS




COST ANALYSIS/ICOMPARISONS

CONSTRUCTION COST DATA

RCRA C RCRA D

($1,000/acre)
1,000 150

300 100
200 75




COST ANALYSIS/ICOMPARISONS

O&M COST DATA

» Assumptions:
10-acre Subtitle D cap
30 years O&M
Inflation rate 3 percent
Passive Gas Venting System
No Leachate Management System
Monitor

» Groundwater
» Landfill gas

3-acre repair in year 16




COST ANALYSIS/ICOMPARISONS

O&M COST DATA

Total Annual Costs 274,000 975,000

Repair 7,000 28,000

Post-Closure Certification $ 15,000-35,000 $ 100,000-236,000

Total Cost $296,000-316,000 | $1,103,000-1,239,000

Source: Nickodem, Andrew F., Vladic, David S., and Menoff, Steven D., Landfill Closure and
Post-Closure Future Costs Not To Be Forgotten, Waste Age, April 1996, p. 57-72.




SUMMARY

» Capping will continue to be a viable cost-effective
remediation option.

» All capping alternatives should be evaluated.

» Good cap designs should incorporate innovative
technologies.




SUMMARY

» Cap construction failures are costly
>

4

» O&M costs must be recognized






